The aim of this systematic review and meta-analysis is to summarise the effects of intermittent energy restriction on weight and biological markers in long term intervention studies of >6 months duration. An electronic search was performed using the MEDLINE, EMBASE and the Cochrane Library databases for intervention trials lasting 6 months or longer investigating the effects of intermittent energy restriction. A total of nine studies were identified as meeting the pre-specified criteria. All studies included an intermittent energy restriction arm, with six being directly compared to continuous energy restriction. A total of 981 subjects were enrolled and randomised, with weight loss observed in all intermittent energy restriction arms regardless of study duration or follow up length. Eight interventions in six trials were used for the meta-analyses, with results indicating neither intermittent or continuous energy restriction being superior with respect to weight loss, 0.084˘0.114 (overall mean difference between groups˘standard error; p = 0.458). The effects of intermittent energy restriction in the long term remain unclear. The number of long term studies conducted is very limited, and participant numbers typically small (less than 50 completers), indicating the need for larger, long term trials of 12 months or more, to be conducted in order to understand the impact of intermittent energy restriction on weight loss and long term weight management. Blood lipid concentrations, glucose, and insulin were not altered by intermittent energy expenditure in values greater than those seen with continuous energy restriction.
Introduction
In 2014, the World Health Organisation, classified 39% of the worlds' adult population as overweight (BMI between 25.0 and 29.9 kg/m 2 ) and 13% as obese (BMI ě 30.0 kg/m 2 ) [1]. Weight loss via dietary restriction is associated with an improvement in biomarkers [2, 3] . Cardiovascular disease risk markers including total cholesterol, low-density lipoprotein cholesterol and triglycerides, systolic and diastolic blood pressure, glucose, insulin and C-reactive protein, have been shown to decrease once participants have lost 5% of their body weight [4] [5] [6] [7] [8] . Currently, continuous or daily energy restriction is the main form of restriction used by individuals wishing to lose weight via dietary means. This typically involves restricting energy intake by 15%-60% of baseline requirements every day [9] . Whilst continuous energy restriction (CER) has been shown to be an effective weight loss strategy in overweight and obese populations, many individuals find the rigidity of the regime too difficult to maintain [10] . As a result, an alternative dietary regime to the traditional CER, intermittent energy restriction (IER), has gained popularity in the last decade [11] . Various forms of IER are currently being investigated, including alternate-day fasting (ADF). ADF regimes typically involve a "fast day", where energy intake is either completely withheld or reduced, alternating with "feast" days, on which food is consumed ad libitum. A key characteristic of ADF regimes is that frequency of food consumption is changed along with a decrease in overall energy intake [12] . Another form of IER, is the 5 and 2 regime, consisting of five ad libitum eating days with two consecutive or non-consecutive "fast" days [13] .
A recent review by Seimon et al. [14] showed that IER is an effective and comparative (to CER) method for weight loss in the short term, with the most common loss achieved being between 3 and 5 kg after approximately 10 weeks. The ability to maintain weight loss however is a major hurdle in the treatment of obesity, with maximal weight loss commonly achieved at~6 months after intervention commencement, before a period of weight regain [15, 16] . Therefore the purpose of this paper is to provide a systematic review and meta-analysis of studies looking at the long term effects (ě6 month's duration) of intermittent energy restriction on weight and biological markers in intervention studies and to determine any gaps in the literature which may assist with future study designs.
Materials and Methods

Data Sources
A systematic search was performed in MEDLINE, EMBASE and the Cochrane Library for original research articles investigating the effects of intermittent energy restriction (IER) published before 30 April 2016. Reference lists of obtained articles were also searched for relevant publications. Studies looking at the intermittent use of very-low-calorie diets were included. No restrictions were placed on publication date, studies were limited to publications written in English, interventions which were a minimum 6 months in duration, and studies in humans. Key search terms were alternate day fast*.tw OR alternat* calori* diet*.tw OR alternate day diet*.tw OR intermittent fast*.tw OR alternate day modified fast*.tw OR intermittent energy fast*.tw OR intermittent energy restrict*.tw OR intermittent energy diet*.tw OR intermittent energy restrict*diet*.tw OR (intermittent adj2 diet*).tw OR intermittent food depriv*.tw OR intermittent calori*restrict*.tw OR (intermittent adj2 restrict*).tw OR VLCD.tw OR very low calorie diet*.tw OR very low energy diet*.tw.
Study Selection
To be included in this review studies were required to meet the following criteria: (1) original article; (2) intervention studies in humans looking at the effect of intermittent energy restriction; (3) weight loss as one of the endpoints; (4) interventions with a minimum 6 months duration. After removal of duplicates, searches identified 964 articles, 825 of these were excluded based on title, leaving 129 possible articles; upon further examination 120 further studies were excluded, leaving nine articles. Figure 1 represents a PRISMA flow diagram of study selection.
Data Analysis
All studies included in the systematic review were deemed to have a low risk of bias (at a study level) as assessed by the "The Cochrane Collaboration's tool for assessing risk of bias". To supplement the systematic review a meta-analysis was performed to assess and provide an estimate of the difference in mean weight loss between the CER and IER interventions. Data was analysed using Comprehensive Meta-Analysis (version 2, Biostat, Inglewood, NJ, USA). For each study, the mean weight loss for each group (i.e., IER and CER) was used to calculate the combined overall difference in means between IER and CER. 
Results
Systematic Review
Outlines of the studies focusing on the long term effects of IER, including baseline characteristics, number of study participants and completers, study duration, type of intervention, and weight loss outcomes, are presented in Table 1 .
Of the studies included one of the IER strategies was modified ADF, one was the 5:2 regimen, another two looked at intermittent use of continual energy restriction, one was a week-on, week-off strategy, and the final four had intermittent use of a Very Low Energy Diet (VLED) as the primary IER intervention. A total of 981 subjects were enrolled and randomized with an overall attrition of 39% at study end regardless of duration or follow up length. Weight loss was observed in the IER arms of all studies regardless of study duration. Figure 2 outlines a visual representation of average weight loss at the final data collection point for IER arm for each of the studies. 
Results
Systematic Review
Of the studies included one of the IER strategies was modified ADF, one was the 5:2 regimen, another two looked at intermittent use of continual energy restriction, one was a week-on, week-off strategy, and the final four had intermittent use of a Very Low Energy Diet (VLED) as the primary IER intervention. A total of 981 subjects were enrolled and randomized with an overall attrition of 39% at study end regardless of duration or follow up length. Weight loss was observed in the IER arms of all studies regardless of study duration. Figure 2 outlines a visual representation of average weight loss at the final data collection point for IER arm for each of the studies. Of the nine studies included, six compared the intermittent form of energy restriction to continuous energy restriction. Average weight loss achieved by the IER arms in these studies [17, [19] [20] [21] 23, 25] were comparable to the continuous energy restriction arm, with no significant differences seen between the groups. The intensity of each CER arm varied across each of the studies limiting the opportunity to make direct comparisons between them.
Food was partially supplied [18, 23] , or supplied in full [22] in three of the studies. Of those three, two of the studies had the primary IER intervention of a VLED program, with the food supplied being liquid meal replacements. Average weight losses experienced in these studies were slightly higher than those seen in studies in which food was self-selected. A possible explanation for this is that the supply of food promoted greater adherence to the intervention. Direct comparisons between those studies which supplied food, or those which didn't, is difficult due to the differing methodologies used and study duration.
Of those studies that lasted for 12 months of longer (n = 6) average weight loss in the IER groups were 8.5 kg [17] , 1.8 kg [18] , 2.1 kg [21] , 7.0 kg [22] , 10.5 kg [24] , and 6.5 kg or 8.4 kg [25] at the end of their respective follow ups. Whilst all of the studies experienced weight loss at the final follow-up point, this weight loss was lower than that experienced at earlier measurement points in the study. The large variance in results may be partially explained simply due to the length of duration/followup, with three studies completing at 12 months [17, 21, 25] , one at 18 months [18] , and two at 24 months [22, 24] . Other possible explanations include differing drop-out rates, type of volunteer and type of intervention.
Adverse Events
No study reported any serious adverse events related to the dietary intervention. Rossner et al. [23] reported that participants found it difficult to embark on the VLED program after experiencing a break. However, participants also stated that an advantage to the intermittent program was that 2 weeks for a VLED program was a suitable duration and one that didn't require too many lifestyle changes. Harvie et al. [19] reported a small number of IER participants (n = 4, 8%) experiencing minor adverse physical ailments including feeling cold, constipation, headaches, and lack of energy, whilst a similar number (n = 8, 15%) indicated they suffered from minor adverse physiological effects, including a bad temper, lack of concentration and a preoccupation with food.
Study Characteristics and Weight Loss
The difference between groups in weight loss (e.g., CER/control-IER) was not associated with the length of study duration. Further, within each of the IER groups the total length of therapy was not associated with greater weight loss. There were also no associations between BMI or gender and Of the nine studies included, six compared the intermittent form of energy restriction to continuous energy restriction. Average weight loss achieved by the IER arms in these studies [17, [19] [20] [21] 23, 25] were comparable to the continuous energy restriction arm, with no significant differences seen between the groups. The intensity of each CER arm varied across each of the studies limiting the opportunity to make direct comparisons between them.
Of those studies that lasted for 12 months of longer (n = 6) average weight loss in the IER groups were 8.5 kg [17] , 1.8 kg [18] , 2.1 kg [21] , 7.0 kg [22] , 10.5 kg [24] , and 6.5 kg or 8.4 kg [25] at the end of their respective follow ups. Whilst all of the studies experienced weight loss at the final follow-up point, this weight loss was lower than that experienced at earlier measurement points in the study. The large variance in results may be partially explained simply due to the length of duration/follow-up, with three studies completing at 12 months [17, 21, 25] , one at 18 months [18] , and two at 24 months [22, 24] . Other possible explanations include differing drop-out rates, type of volunteer and type of intervention.
Adverse Events
Study Characteristics and Weight Loss
The difference between groups in weight loss (e.g., CER/control-IER) was not associated with the length of study duration. Further, within each of the IER groups the total length of therapy was not associated with greater weight loss. There were also no associations between BMI or gender and the difference between groups in weight loss in any of the studies. There was no significant difference in weight loss for the studies that received industry support (n = 2) compared to those that were not industry funded (n = 7). Each of the various forms of intermittent energy restriction employed across the studies were successful in achieving significant (p < 0.05) weight loss from baseline. The four studies using intermittent use of VLED achieved mean weight losses of 6.4 kg [19] , 14.2 kg [24] , 7.0 kg [22] , and 14.1 kg in study 1 (females only) and 26.6 kg vs. 15.5 kg in study 2 (males vs. females respectively) by Rossner et al. [23] . The 5:2 intervention saw participants achieve a mean loss of 7.6 kg [20] , with that loss similar to those seen in the Ash et al. [18] trial looking at the use of ADF of 6.4 kg. Intermittent use of continuous energy restriction (periods of daily moderate energy restriction combined with periods of daily non-restricted eating) saw mean losses of 10.7 kg [17] and 6.5 kg and 8.4 kg [25] , with the week-on, week-off strategy achieving a reduction of 2.1 kg in body weight [21] .
Drop Outs
From the studies included, the average dropout rate was 31% (ranging from 12% to 65%). Dropouts experienced in each of the studies were similar in the CER and IER groups. Refer to Table 1 ("N" Column) for the breakdown of study completers in each arm of the included studies.
Meta-Analysis
The variable of interest for the meta-analysis was difference in weight loss between IER and CER/control (Figure 3) . From the six papers (eight interventions) included in the analysis the overall effect showed no difference between IER and CER/control in regards to weight loss, 0.084˘0.114 (overall mean difference between groups˘standard error; p = 0.458). Three studies were not included in the meta-analysis but were retained for qualitative review. First, the study by Lantz et al. [22] was excluded from the meta-analysis due to the lack of VLED-free treatment group during the maintenance phase. Overall completers lost 7.0˘11.0 kg (6.2%˘9.5%) in the intermittent group and 9.1˘9.7 kg (7.7%˘8.1%) in the on-demand groups, with no significant difference between groups. Secondly, research by Ash et al. [18] was omitted as intervention and control participants were treated as one group during analyses. Lastly, a further study by Wing et al. [24] was excluded as the intensity of the IER arm was very different to the intensity of the control arm, despite the length of the two arms being the same. At the end of 50 weeks participants following the VLED program lost more weight than did the LCD subjects (14.2 kg vs. 10.5 kg, p = 0.057). The complexity of the various diet methodologies, level of energy restriction, and length of follow up across the studies means that the results from this meta-analysis should be considered with caution. the difference between groups in weight loss in any of the studies. There was no significant difference in weight loss for the studies that received industry support (n = 2) compared to those that were not industry funded (n = 7). Each of the various forms of intermittent energy restriction employed across the studies were successful in achieving significant (p < 0.05) weight loss from baseline. The four studies using intermittent use of VLED achieved mean weight losses of 6.4 kg [19] , 14.2 kg [24] , 7.0 kg [22] , and 14.1 kg in study 1 (females only) and 26.6 kg vs. 15.5 kg in study 2 (males vs. females respectively) by Rossner et al. [23] . The 5:2 intervention saw participants achieve a mean loss of 7.6 kg [20] , with that loss similar to those seen in the Ash et al. [18] trial looking at the use of ADF of 6.4 kg. Intermittent use of continuous energy restriction (periods of daily moderate energy restriction combined with periods of daily non-restricted eating) saw mean losses of 10.7 kg [17] and 6.5 kg and 8.4 kg [25] , with the week-on, week-off strategy achieving a reduction of 2.1 kg in body weight [21] .
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Meta-Analysis
The variable of interest for the meta-analysis was difference in weight loss between IER and CER/control (Figure 3) . From the six papers (eight interventions) included in the analysis the overall effect showed no difference between IER and CER/control in regards to weight loss, 0.084 ± 0.114 (overall mean difference between groups ± standard error; p = 0.458). Three studies were not included in the meta-analysis but were retained for qualitative review. First, the study by Lantz et al. [22] was excluded from the meta-analysis due to the lack of VLED-free treatment group during the maintenance phase. Overall completers lost 7.0 ± 11.0 kg (6.2% ± 9.5%) in the intermittent group and 9.1 ± 9.7 kg (7.7% ± 8.1%) in the on-demand groups, with no significant difference between groups. Secondly, research by Ash et al. [18] was omitted as intervention and control participants were treated as one group during analyses. Lastly, a further study by Wing et al. [24] was excluded as the intensity of the IER arm was very different to the intensity of the control arm, despite the length of the two arms being the same. At the end of 50 weeks participants following the VLED program lost more weight than did the LCD subjects (14.2 kg vs. 10.5 kg, p = 0.057). The complexity of the various diet methodologies, level of energy restriction, and length of follow up across the studies means that the results from this meta-analysis should be considered with caution. 
Discussion
The results of this systematic review of the available literature provides evidence that whilst IER is not superior to CER, it is as effective for weight loss. The effect of the IER regimens on weight included in this reviews are varied, most likely due to the diverse range of dietary methods used. Currently there is insufficient data to support the notion that IER (in any form) can affect CVD risk markers (i.e., blood pressure and blood lipid levels) or insulin and glucose to a greater extent than that seen with CER. Moreover, changes in HbA 1 c or insulin sensitivity levels beyond weight loss have not been established. Further investigations into this are needed.
With weight loss appearing to plateau at 6 months, it is important that weight loss interventions not only focus on weight loss, but on weight maintenance [26] . Weight regain is likely to occur if a dietary intervention is stopped entirely, therefore an emphasis on a continuing lower-energy diet in combination with regular exercise is important. A systematic review (80 studies, N = 26,445; 18,199 completers (69%)) and meta-analysis (47 studies, N = 5409 completers) by Franz et al. [27] reported overweight or obese participants (aged 18 years or older) undergoing various weight-loss interventions-diet alone, diet and exercise, and meal replacements, experiencing a mean weight loss of 5 to 8.5 kg (5% to 9%) during the first 6 months of the interventions, with weight plateau at 6 months. In the interventions lasting 48 months (a mean of 3 to 6 kg (3% to 6%) weight loss was maintained with no groups experiencing weight regain back to baseline levels. Similarly Curioni and colleagues [28] performed a review of clinical trials looking at long-term weight loss after diet and exercise and reported a mean weight loss of 6.7 kg after 1 year in individuals undergoing combined exercise and diet therapy.
The American Dietetic Association's Adult Weight Maintenance Evidence-Based Nutrition Practice Guidelines recommend an optimal weight loss target of 0.5 to 1 kg per week for the first 6 months and to achieve an initial weight-loss goal of up to 10% from baseline [29] . Weight loss in several of the included studies is less than these guidelines, however the level of supervision or contact with the research group and physical activity guidelines set may play a role as this varied considerably in the studies. The concept of extended care comes from the continual care model [30] through which individuals receive continued contact with therapists following an initial period of weight loss. Common forms include in-person sessions, either individual or groups, or telephone contact, and are designed to reinforce strategies put in place during the intervention and provide continuing motivation. This motivation may prove to be especially important for maintaining behavioural changes during periods of weight loss plateau or when individuals are moving from weight loss to weight maintenance. A recent systematic review and meta-analysis of randomized controlled trials investigating the effect of extended care reported that the average effect size of extended care on weight loss maintenance using Hedge's g = 0.385 (p < 0.0001), leading to the maintenance of an additional 3.2 kg weight loss over 17.6 months post intervention compared to controls [31] highlighting that contact with the research group during IER interventions could play a significant role in overall results achieved. As only 11 studies were included in the review however, the impact of the type of contact (e.g., phone or in person) or frequency of contact (weekly or monthly) remains unknown. Pooled results from eight studies in a review by Johns and colleagues [32] , looking at the effect of combined behavioural weight management programs (BWMPs), which provide diet interventions combined with physical activity, showed that whilst there is no difference in weight loss at 3 to 6 months compared to diet only arms, BWMPs produce a significantly greater weight loss at 12 months (´1.72 kg).
All the studies included an obese but healthy population creating a potential gap in the wider applicability of the results. Future studies should research IER in other sub groups of the population, e.g., people with diabetes or heart disease. Intermittent VLED interventions included in this review have shown a positive effect on weight loss in well controlled studies. However the few long-term studies available means it is difficult to determine the long-term applicability of this type of regime. In interpreting results it is important to note differences in diet methodology as well as study design between studies in assessing the impact of IER, which may limit the overall outcomes.
There are several limitations to this systematic review and meta-analysis that need to be recognised. Data extracted is restricted to data reported in primary studies and it is difficult to account for any potential bias for publishing studies that favour successful interventions or the potential for enrolling only participants that are the most likely to succeed. Assuming however that the inclination to enroll subjects likely to be successful is distributed evenly across all intervention groups, trial comparisons are still appropriate. For most of the studies included in this review the number of participants screened prior to study commencement has not been reported. If these numbers had been reported it is likely that the numbers and therefore overall percentages of individuals who complete the study would be significantly lower. Some of the included studies may not have been adequately powered to detect differences in body weight between CER and IER groups, with only three trials reporting power calculations [18, 19, 21] . This combined with the small number of studies that fitted the criteria limits the applicability of the findings. Additionally, difference in IER form, overall study design, and participant numbers makes it difficult to fully identify which form of IER is most effective for weight loss. Whilst a meta-analysis was performed comparing IER to CER, all studies were highly variable in terms of prescribed energy restriction, diet composition, and timing of the intermittent periods. Despites these limitations, this review and meta-analysis provides valuable information into the growing field of IER, presenting a summary of studies that have included both a weight loss and weight maintenance phase.
Conclusions
This review confirms that in the little long term evidence available, IER achieves weight loss but there was no evidence that it provided superior management in comparison to CER. Furthermore dropout rates were similar in the IER and CER arms of the included studies, suggesting that long term adherence to IER may be similar to CER and therefore present a successful alternative for individuals who find CER too restrictive in dietary choices during weight reduction. Larger, longer-term trials of 12 months or more are needed to fully investigate the effects of IER on weight loss, weight management, and diet sustainability. Studies of intermittent VLED use have shown positive results but further longer-term trials are required to fully appreciate any lasting benefits they may produce.
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